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I (57) Abstract 

A LED pixel structure (200. 300, 
400 600. 700) that reduces current 
conformities and thresholdvoltage 
, variations in a "drive transom^ oftte 
pixel structure is disclosed. The LED 
Pixel structure incorporates a current 
?oTrce for loading data into the pi** 
via a data line. Alternatively, an auto 
««, voUage is determined for the .drive 
translator prior to the loading of data. 
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ACTVE MATRIX LIGHT EMITTING DIODE PIXEL STRUCTURE AND METHOD 

This application claims the benefit of U.S. Provisional Application 
5 No. 60/ 044, 174 filed April 23, 1997, which is herein incorporated by 
reference. 

This invention was made with U.S. government support under 
contract number F33615-96-2-1944. The U.S. government has certain 
ID rights in this invention. 

The invention relates to an active matrix light emitting diode pixel 
structure. More particularly, the invention relates to a pixel structure 
that reduces current nonuniformities and threshold voltage variations in 
15 a "drive transistor" of the pixel structure and method of operating said 
active matrix light emitting diode pixel structure. 

•R AflTCfrROITN^ ™ THE DISCI -OSUKE 
Matrix displays are well known in the art, where pixels are 
20 illuminated using matrix addressing as illustrated in FIG. 1. A typical 
display 100 comprises a plurality of picture or display elements (pixels) 160 
that are arranged in rows and columns. The display incorporates a 
column data generator 110 and a row select generator 120. In operation, 
each row is sequentially activated via row line 130, where the 
25 corresponding pixels are activated using the corresponding column lines 
140. In a passive matrix display, each row of pixels is iUuminated 
sequentially one by one, whereas in an active matrix display, each row of 
pixels is first loaded with data sequentially. 

With the proliferation in the use of portable displays, e.g., in a 
30 laptop computer, various display technologies have been employed, e.g., 
liquid crystal display (LCD) and light-emitting diode (LED) display. An 
important distinction between these two technologies is that a LED is an 
emissive device which has power efficiency advantage over non-emissive 
devices such as (LCD). In a LCD, a fluorescent backlight is on for the 
36 entire duration in which the display is in use, thereby dissipating power 
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even fcr W piMls . ^ a 

dlununates those pixels that are activated thereb! „ 

not having to illuminate "off- pixels * ^ P ° Wer by 

o ^p~tothe„ P a SSiag tt^::x toeMome 

„ SUMMARY of thb gjfflmjg 

. 10 """"^ent of the present invention, a current source* 
-orporated in a LED (OLED) pixel structllre the red^tl" 

P ex structure. The current source is coupled to the data li™ .k 

i nitia 1 lv a rolv^ raate ; mb ° dim ° nt ' -*«* ™ ta »y 
»**Hr appiymg a reference voltage in an auto-zero phase that 

^rr stores " auto mto ^ «- «— ■ i 

^i~reTereT:r ^ T ^ ^ « 
- applied to iUuminate the *" 331,16 ta ~ 

» ^rrtr^reCrrrr^ * ■ 

passing through the OLED to the threshold voltag^ of^drivtl^^.. 

" BBffiECSaCBEnflM OF TTTFi muaOBSa 

conaide^TfT ° f " ~ ^ readi * — — by 

„ * detafled de3CriPti0n * -th the 

accompanying drawings, in which: 

FIG. 1 depicts a block diagram of a matrix addressing interface; 
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FIG. 2 depicts a schematic diagram of an active matrix LED pixel 
structure of the present invention; 

PIG. 3 depicts a schematic diagram of an alternate embodiment of 
the present active matrix LED pixel structure; 

FIG. 4 depicts a schematic diagram of another alternate 
embodiment of the present active matrix LED pixel structure; 

FIG. 5 depicts a block diagram of a system employing a display 
having a plurality of active matrix LED pixel structures of the present 
invention; 
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FIG. 6 depicts a schematic diagram of an alternate embodiment of 
the active matrix LED pixel structure of FIG. 2; and 

FIG. 7 depicts a schematic diagram of an alternate embodiment of 
an active matrix LED pixel structure of the present invention. 

To facilitate understanding, identical reference numerals have been 
15 used, where possible, to designate identical elements that are common to 
the figures. 



PF,TATT,ED DEg< 
FIG. 2 depicts a schematic diagram of an active matrix LED pixel 
20 structure 200 of the present invention. In the preferred embodiment, the 
active matrix LED pixel structure is implemented using thin film 
transistors (TFTs), e.g., transistors manufactured using amorphous or 
poly-silicon. Similarly, in the preferred embodiment, the active matrix 
LED pixel structure incorporates an organic Ught-emitting diode (OLED). 
25 Although the present pixel structure is implemented using thin film 
transistors and an organic ught-emitting diode, it should be understood 
that the present invention can be implemented using other types of 
transistors and light emitting diodes. For example, if transistors that are 
manufactured using other materials exhibit the threshold nonuniformity 
30 as discussed above, then the present invention can be employed to provide 
a constant current through the lighting element. 

Although the present invention is illustrated below as a single pixel 
or pixel structure, it should be understood that the pixel can be employed 
with other pixels, e.g., in an array, to form a display. Furtherm re, 
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although the figures below illustrate specific transistor configuration it 
should he understood that the source of a transistor is relativetthe 
voltage sign. 

Referring to PIG. 2, pixel structure 200 comprises three PMOS 

«™Th?; 26 °- " 10106 27 °- * « end a LED 

OLED) 290 (hght element). A select line 210 is couplen to the gate of 

gators 240, 250 and 270. A data line is coupled to the source of 

«° ^ * +V - *» " -Med to the drain of transietor 270 
On. electrode of the OLED 200 is coupled to the drain of transistors 240 and 
"™ f 2 « " to the gate of transistor 260 and 

to one terminal of capaator 280. Finally, the drain of transistor 250 the 
source of transUtor 270, the source of transistor 260 and one terminal 0 f 
the capacitor 280 are all coupled together. 

K «, ^P™ 60 '^ 1 **™*"™ 200 provides a uniform current drive in 

"TT* ° f 3 ^ threSh ° M CV '' — rmitv. In o^T 

words ,t „ desirahle to maintain a uniform current across the OI^D 
thereby ensuring uniformity in the intensity of the display 

More specifically, the OLED pixel structure is operated in two 
3, PhMeS ' " load «*— » continuous illuminating phaee. 

A pixel structure 200 can be loaded with data by activating the 
Proper select hne 2!0. Kamely, when the se!ect line is set to "Low" 

25 the OLED 290 .s transmitted to the gate of the transistor P2 (260) 

Oo™ U y transistor PI (250) is a!so turned "ON" so that the constant 
current ^ data Une 220 flows through both the transistor P2 (260, 
and the OLED 290. Name.y. the transistor 260 must turn on to sinkT 

» S !T! driTenbytheCUrrent80UrC9230 - ^e current source 

» 230 that dnves the data line is programmed by external data. The gate to 

source voltage of transistor 260 (drive transistor) will then settle to 7 

voltage that is necessary to drive the current. Concurrently, transistor Nl 

(270) 1S turned "Off, (hereby disconnecting the power supply + V from 

the OLED 290. THe constant current source 230 will also self .d^ 
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source-to-gate voltage to accommodate a fixed overdrive value (voltage) for 
transistor 260 and will compensate the threshold variation on the 
polysiliconTFI260. The overdrive voltage is representative of the data. In 
turn, the data is properly stored on the storage capacitor Cs 280. This 
5 completes the load or write cycle for the data. 

r^ nti ™,n,i fl mnTninatlTlg PhasS! 

When the select line is set "High", both transistors of PI (250) and 
P4 (240)are turned "Off and the transistor Nl (270) is turned "On". 
10 Although the source voltage of the transistor 260 may vary slightly the 
source-to-gate voltage of the transistor 260 controls the current level 
during the Ulumination cycle. The Vsg of transistor 270 across the 
capacitor 280 cannot change instantaneously. Thus, the gate voltage on 
transistor 260 will track with its source voltage such that the source-to- 
!5 gate voltage is maintained the same throughout the entireL^ad and 

niumination phases. The leakage current of polysilicon TFT and voltage 
resolution required for gray scale luminance of will determine the 

size of storage capacitor needed for holding a valid data for a frame tune. 
In the preferred embodiment, the capacitor is on the order of 
20 approximately .25 pf. Namely, the capacitor must be large enough to 

account for the current leakage of transistor 260. This completes the pncel 

operation for the illumination phase. 

It should be noted that each data/column line 220 has its own 
26 programmed constant current source 230. During the illumination 

phase, the subsequent programmed current source on the data hues feeds 
Lough and loads the next rows of all pixels, while the pixels of previous 
rows are operating in the illumination phase for the whole frame time. 
Thus, this pmel structure of FIG. 2 requires only 3 PMOS tractors and 
30 1NMOS transistor with 2.5 lines, (select line, data line-current source 
md YDD voltage supply which can be shared with adjacent p«W. 

Alternatively, FIG. 6 illustrates sn implementation where the pael 
structure of FIG. 2 is implemented with all PMOS transistors, which will 
provide economy for using either PMOS or NMOS processes only. The 
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NMOS transistor Nl is replaced with a PMOSP3 transistor 610 T-T 

an additional line (control line) 620 is couded to J ^J 610 " However « 

for addressing the additional PMOS £ T "° 
3.5 lines i e an , V transastor, thereby requiring a total of 

5 PM^to ^ V ° Itage SUPPly f ° r — ^ *• additional 

In sum, the pixel structures of FIG 2 and FTP a 

^£*^rr i,,ta,,whi **^ 

uxspiays witn good gray scale uniformity and hio* im*< j . 

m.« f at£S 8ltamate -»*«—* of the preset ^ 
matax pUKl atructure . In ^ ^ » 

aeed of avoltage-to-current inverter such as the implementation of, 
ourrent aouree as discussed above in FIGs. 2 and 6 
20 Referring to FIG. 3, pixel structure 300 comprises four PMOS 

transistors (360, 365 370 17>!l t„ . '»»™us 

(OLED) 3SO i 71; ' "P"*" 0 " 3S( > 355 and a LED 

d^T ^ 6 " COUPled to *• ** te of transistor 360 A 

data Una 3X0 is coupled to the source of transistor 360 and a + V LX 
~up.ed to the source of transistor 365 and one terminal of J^£t£ 

O^Z " ;7 lGd 10 ** ^ ° f teaMi ' te ^e electrode of the 
OLED 280 is coupled to the drain of tran»stor 375. The source of traJistor 
375 » coupled to the drain of transistors 366 and 370. The drain of 

t *ans,stor 365, the source of transistor 370, one terminal of the capacitor 
350 and one terminal of the capacitor 355 are si! coupled together 

More specifically, FIG. 3 fllustrates a pixel structure 300 that is 
operated » phases: „ „ a ^ 

an illuminating phase. aaa J) 
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" When auto-zero line 330 and the Humiliate line 340 are set to "Low", 
transistor P2 (375 )and P3 (370) are turned "On" and the voltage on the 
5 drain side of transistor PI (365) is transmitted to the gate and is 

temporarily connected as a diode. The data line 310 is set to a "reference^ 
voltage" and the select line 320 is set to W. The reference voltage can be 
arbitrarily set, but it must be greater than the highest data voltage. 

Next the muminate line 340 is set to "High", so that transistor P2 
ID 375 is turned "Ofi". The pixel circuit now settles to a threshold of the 

transistor PI 365 (drive transistor), thereby storing a voltage (an auto-zero 
voltage) that is the difference between the reference voltage on the daUhne 
and the threshold voltage of the transistor PI 365 on the capacitor C 35a 
This sets the gate voltage, or more accurately V SG of transistor 365 to the 
05 threshold voltage of transistor 365. This, in turn, will provide a fixed 

overdrive voltage on transistor PI (365) regardless of its threshold voltage 
variation. Finally, Auto Zero line 330 is set to -High", which isolates the 
gate of transistor PI 365. The purpose of auto-zero is henceforth 
accomplished. 

I ^^of the Auto Zero phase, the select line W as set W and 
the data line was at a "reference voltage". Now. the data Una 3X0 * set to a 
data voltage. This data voltage is transmitted through capactor C c 350 
» onto tte gate of transistor PI (365). Next, the select line is set Ttgh". 
Thus, the VSG of transistor 365 provides transistor 365 w.th a fixed 
overdrive voltage for providing a constant current level. This completes 
the load data phase and the pixel is for uluminataon. 

With the data voltage stored on the gate of trans-stor FX 
innate line 340 is set to W, thereby turning '^"^^Z 
The current supphed by the transistor PX 365, is allowed to flow through 
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the OLED 380. In sum * 

in sum, the transistor 365 beh« TOO kl. 

source. ru. co m p.e te3 the m^J^T ' "~ ' 

FIG. 4 illustrates another altoi-no*- ^ , 
5 active mate pfcel structure emb0dm,ent ° f P— * 

voKage is also couver^Tte' ^ en " wdime '". «• uata Hoe 

- need „ f a ^2111*! ^ ^ ~ 
current source as discussed above J^TZT °<* 

470. A seiect Hue ^T^ZTT" ** ^ 465 md ' ^ (OLE "' 

410 is coupled to the si t ° ftr<m3istor A data line 

« couptea to the source of transistor 445 and » votvt> i • . 

the source of transistor 460 and ™ . 445 ^ a VSWP coupled to 
zero line 430 is JZ 1* e . ' * ^ *» — 

15 O M r>470isZ^r h ^ g traMiSt0r465 - °-^«-ieofthe 
transistT^ut IT " 465 "* °» *- "f 

oftrans,r«;r^:;~: 6 r acitor45a "-*-«- • 

« - one ter-nina, of the ^^^2 ~ 

an Ulunnnating ph^T 2 > * *** ^ *- and 3, 

Autn.7.- n f RT yc nYrir[ 

VSWP (voltage switching supply) „ xt to . .., ower , 
Z^. W> WW W voltage „ ..ected such that J^O 

l^*: 3ma11 " n ° unt ° f ~ «■*-*- - «- OLED 

™7 k"* ° n ^ 0rdW ° f Mn ° am P>- O- ^er voitage is 
» JUT 7 ' ^ b6tW ' m ^ *— «- « '445) and C c 

a "reference vo.tage- „ o^etLte 1" £ * " W , - 
can he arhitrari, y set, hut it m ust he greater Jl STT^T 
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5 difF u gS ^ auto - zero voltage) that represents the 

rr^m r-sr g r r t data - - ^ 

«^ge oi 460. This completes the auto-zero phase. 
Load Dnt^ pv, nnf . 

- the 2 at T-rT 2810 ^ ^ *- ™' - W ana 

waa at a reference voltage" Npv+ fk fl i- . , 
, , . iNext, the data line is then 

cnan & e in the data is referenced to the data T« f, *u ^ 

^ „ Ioad coupled through c « r: trr 

^^tor PI (460) with a fixed overdrive volt.™ t h • 1 

OLED470 N, m .i «. j o^rta's voltage to drive the current for the 

"ZL \ 18 ™ Itage ^ ta taf an overdrive 

voltage on transistor PI 4fin c;„_ ^ lA wmve 

load data phase. * ' S com P let <» the 

flm to^fa mw n mw r Pn t n p „ li Mr P l ffl LaMK 

At the completion of the data loading phaae the „f . . „ 
25 460 ia now isolated excent for it. , transistor Pi 

■ ,x capacitrve connectiona, where the 

over^vCtage for driving the OI^D ia stored on capacitor C, 4o5 Next 

t ^Zl ~ 40 * ^ Cfllunnnate voCr 

OL^Tf ,? ^ th - " -Itage to drive T 

OLED fordlunnnation. Namelv, when select line 420 is set to -High" both 
30 —rs P3 (466, and P4 (446, are turned W, ^ the data vo,£e * 
kept m storage on V SG of transistor 460 as before. This source-to-gX 
voltage VSCKP!, i. maintained in the same ma nner throughout the entire 
Dh~on Phase which means the current leve, through the OLED 
will be constant. Th,s completes the Illumination cycle. 
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In sum, FIG. 3 discloses a pixel structure that uses 4 PMOS 
transistors and 1 coupling capacitor with 3 V2 lines. ( Auto-Zero line and 
VDDH voltage supply can both be shared). FIG. 4 discloses a pixel 
structure that uses only 3 PMOS transistors and 1 coupling capacitor -with 
5 2V2 line. ( VSWP switching power supply could be share with adjacent 
pixel ) Both of these two pixel structures can compensate the threshold 
variation of both polysilicon TFT and OLED by illuminating and auto-zero 
trickling current mechanism on VgQ(Pl). The aforementioned two ( 2 ) 
pixel structures can also be implemented in polysilicon NMOS and in 
10 amorphous NMOS design. 

The two ( 2 ) pixel structures of FIG. 3 and FIG. 4 can be 
implemented to design high-quality OLED with good gray scale uniformity 
and high lifetime despite instabilities in either the OLED or the pixel 
polysilicon TFT. 

15 FIG. 7 depicts a schematic diagram of an active matrix LED pixel 

structure 700 of the present invention. In the preferred embodiment, the 
active matrix LED pixel structure is implemented using thin film 
transistors (TFTs), e.g., transistors manufactured using poly-silicon or 
amorphous silicon. Similarly, in the preferred embodiment, the active 

20 matrix LED pixel structure incorporates an organic light-emitting diode 
(OLED). Although the present pixel structure is implemented using thin 
film transistors and an organic fight-emitting diode, it should be 
understood that the present invention can be implemented using other 
types of transistors and light emitting diodes. 

25 The present pixel structure 700 provides a uniform current drive in 

the presence of a large threshold voltage (V t ) nonuniformity. In other 
words, it is desirable to maintain a uniform current through the OLEDs, 
thereby ensuring uniformity in the intensity of the display. 

Referring to FIG. 7, pixel structure 700 comprises two PMOS 

30 transistors 710 and 720, a capacitor 730, a resistor 750 and a LED (OLED) 
740 (fight element). A select line 770 is coupled to the gate of transistor 710. 
A data line 760 is coupled to the source of transistor 710. One terrninal of 
resistor 750 is coupled to the source of transistor 720 and one electrode of 
the OLED 740 is coupled to the drain of transistor 720. Finally, the drain of 
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transistor 710, the gate of transistor 720 and one terminal of the capacitor 
730 are all coupled together. 

More specifically, when a row containing a pixel structure is 
selected to be the active row, a logical "high" level on the select line 770 

5 turns on transistor Ml 710, thereby allowing capacitor C 730 to be charged 
to a voltage V f from the data line 760. After this row is deselected by a 
'low" level on the select line 770, which turns transistor Ml off, the voltage 
on the capacitor 730 is stored for the frame time. Since this voltage 
appears on the gate of transistor M2 720, it sets a current through 

10 transistor 720 that also passes through the OLED 740, which is located in 
the drain of the transistor 720. 

More importantly, a resistor 750 is implemented in the present pixel 
structure. The resistor is coupled to the source of transistor 720 and * 
serves as a negative feedback element. If an individual drive transistor 

15 has an unusually low threshold voltage, the transistor tends to pass more 
current to the OLED, but the additional current causes an additional 
voltage drop across the resistor 750, thereby reducing the current. 

A complementary effect occurs with a drive transistor having an 
unusually high threshold voltage. The overall effect is to reduce the 

20 nonuniformity in the current. It has been observed that resistors can be 
generally formed with much better resistance uniformity than the 
threshold voltage uniformity achieved with TFTs. One reason is that TFT 
threshold voltages are very sensitive to the trap density in the active silicon 
material, whereas the resistance of the doped layers used in resistors is 

25 much less sensitive to trap density. Measurements have shown that the 
percentage variation of resistance is very small across a polysilicon 
display wafer, and to the extent that resistance does vary, it is expected to 
be smoothly varying, unlike transistor thresholds. 

The current passing through the OLED 740 determines its 

30 brightness. However, it has been observed that when the pixel is 

implemented using TFTs, the threshold voltages of the TFTs can also vary 
over life as discussed above. In addition, there can be initial 
nonuniformities in the TFT threshold voltages. It should be noted that 
such nonuniformity with regard to transistor 710 is not a problem, since 
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estabhshed through the OLED. In contrast, varianons in the threshold 
voltage of dnve transistor 720 directly affect the current through the 

6 More specifically, the current, 1^ passing through the OLED in 

the present pixel structure can be expressed as: 



2 L * "' ~ l ° usi > 1 * ) (1) 



M^w JT T ***** traDSC ° ndUCtanCe ter of the transistor 

M2, W and L are its width and length, V t is its threshold voltage, V is the 
voltage from the data line, and resistor R 750 has a value of 1M in the 
preferred embodiment. However, the resistor value may range froxn 100K 
to 10M depending on the drive transistor characteristics. It has been 
15 observed that the present pixel structure m ay reduce the current variation 

to 1/3 of what is possible without the present resistor as discussed below 

More specifically, it can be shown that with a resistor coupled to the 

source of transistor 720, the normalized sensitivity of the current through 

the diode to threshold voltage variations 1 - 41 pled. 



20 



J OLED 



-2/(Vg-V t + IOLEDR). 



(2) 



It is beneficial to increase the gate voltage Vg as much as possible, but 
with the limitation that the transistor 720 must stay in saturation. By 

26 introducing a voltage drop across the resistor dOLED R), the sensitivity to 
threshold voltage variations can be reduced below what would be 
achievable without a resistor. Ultimately, the term (I OL ED R) cannot 
become larger than (V g - V t ), since such result would imply that 
transistor 720 was turned off. Therefore, the maximum reduction in 

30 sensitivity that can be achieved by placing a resistor in the source of 
transistor 720 is a factor of 2. 
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However, placing a resistor in the source permits the transistor 720 
width W to be increased, where such increase reduces standard deviation 
of the threshold voltage, o vr For a fixed maximum gate voltage, W can be 
increased, thereby deriving more benefit from the statistical reduction in 
5 a Vf . Thus, by putting a resistor in the source of the transistor 720, a 
reduction in current variation can be achieved through the combined 

. . 1 ^OLED 

effect of (1) reducing the sensitivity to threshold vanataons — ^ 

Oimited to a theoretical maximum benefit of 2X, or 50% reduction), and (2) 
reducing the threshold variation o„ itself (no limit except for geometncal 

ID and capacitance constraints). 

FIG 5 illustrates a block diagram of a system 500 employing a 
display 520 having a plurality of active matrix LED pixel structures 200, 
300, 400, 600 or 700 of the present invention. The system 500 comprises a 
display controller 510 and a display 520. 
05 More specifically, the display controller can be implemented as a 

general purpose computer having a central processing unit CPU 512. a 
m emory 514 and a plurality of I/O devices 416 (e.g., a mouse, a keyboard 
storage devices, e.g., magnetic and optical drives, a modem 
Software instructions for activating the display 520 can be loaded into the 
20 memory 514 and executed by the CPU 512. 

The display 520 comprises a pixel interface 522 and a plurality of 
pixels (pixel structures 200, 300, 400, 600 or 700). The pixel interface 522 
^le necessary circuitry to drive the pixels 200, 300, 400, 600 or 700. 
For example, the pixel interface 522 can be a matrix addressing interface 

26 as illustrated in FIG. 1. 

Thus the system 500 can be implemented as a laptop computer. 
Alternatively, the display controller 510 can be implemented in other 
nmnners such as a microcontroller or application specfic mtegrated 
rireuit (ASIC) or a combination of hardware and software ■nstructmm 
30 m sum, the system 500 can be implemented within a larger system that 
incorporates a display of the present invention. 

Although the present invention is described using FMOS 
transistors, it should be understood that the present invention can be 
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made with a transput ^ "** 0LED ** « *• 

Although various embodiments which incorporate the ,» v 
the present invention have bean,!,™™ „ ^ Wate tte Cachings of 
thoee 3kiUed in the art « ta ^ herein, 

that s nU incorporate^ ^ *" ^ ^ 
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What is claimed is: 



1. 



A display (520) comprising a plurality of pixels, each pixel (200) 



comprising: . 
5 a first transistor (250) having a gate, a source and a dram, where 

said gate is coupled to a select line (210), where said source is coupled to a 

data line (220); . 

a second transistor (270) having a gate, a source and a drain, where 
said gate of said second transistor is coupled to said select line, where said 
ID drain of said second transistor is coupled to a V DD line (295), where said 
source of said second transistor is coupled to said drain of said first 
transistor; 

a third transistor (240) having a gate, a source and a dram, where 
said gate of said third transistor is coupled to said select line; 
j5 a capacitor (280) having a first terminal and a second terminal, 

where said source of said third transistor is coupled to said first terminal 
of said capacitor, where said second terminal of said capacitor is coupled 
to said drain of said first transistor; 

a fourth transistor (260) having a gate, a source and a dram, where 
20 said source of said fourth transistor is coupled to said drain of said first 
transistor, where said gate of said fourth transistor is coupled said source 

of said third transistor; and 

a fight element (290) having two terminals, where said drain of said 
fourth transistor and said drain of said third transistor are coupled to one 
25 of said terminal of said light element. 

2. The display of claim 1, further comprising: 

a current source (230) for coupling to said data line. 

30 3. A display (520) comprising a plurality of pixel*, each pixel (600) 
comprising: 

a first transistor (250) having a gate, a source and a dram, where 
said gate is coupled to a select line (210), where said source is coupled to a 
data line (220); 
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a capacitor (280) havinff a first i j 
where said source of said ^ ! * SeCOnd termi ^> 

10 of said capaXr X' satd * ^ * ^ ** <™ 

F*c«or, wnere said second terminal of said • 

to said drain of said first transistor; ? ' 18 

a fourth transistor (260) havine a ratp „ = 
said source of**, fourth transisfoTj coupW to 1 ^ 

transistor, wh ere said gate ofsaidfoll ^ t * ** 

* of said third transistor and * " Said 

of said termina, of said light efomeT ™ ™ * ™ 

» 4. A method of illuminating a display having s pluraJitv of » , 

.tsr Sir =rr?„f£r- ■ 

method comprising the steps of P ^ 8 te ™ ^stor, said 

(a) loading data onto said pixel by sppiymg a current on a data hue 
translr M T " ** * — * - ^ ^ 

data. mUminatoS 3aid ^ elem »' * "nee <*» aaid stored 

30 LJt^*^^^™**---*. 



6. 



comprising; 



A diapUy (520, comprising a pl urahty of pi.els, each pi, , (300, 
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a first transistor (360) having a eat., a source and a drain, where 
said gate is coupled to a select W r<wn\ u 

data line (310); ^ "* h ™>* l ' d *° • 

a first capacitor (360) having a first terminal and a second terminal 
5 where said drain ofMi'H f. M + • * ™ ai> 

said first capaTtor ^ " * ^ <™ ° f 

a second transistor (365) having a gate, a source and a drain, where 
smd 7Z7 T "T b -* te 18 ~* d "> " V » ^ where 

a second capacitor (355) having a first terminal and a second 
terming where said gate of said second transistor is coupled to said first 
^ ° f ~» < where said source of said second 

transo m coupled to said second tormina! of said second capacitor; 

a Surd transistor (370) having a gate, a source and a drain, where 
said gate of said third transistor is coupled to an auto-sero line (330, 
where said source of said third transistor is coupled to said gate of said 
second transistor, where said drain of said third transistor is coupled to 
said drain of said second transistor; 
» a fourth transistor (375) having a gate, a source and a drain, where 

said gate of said fourth transistor is coupled to an illuminate line (340) 
where said source of said fourth transistor is cnupleu to said drain of said 
third transistor; and 

25 fourth 1"*' ! Iem6Dt (380) hSViDgtW0 teminal8 - where said drain of said 
25 fourth transistor » coupled to one of said terminal of said light element. 

7. A display (520) comprising a plurality of pixels, each pixel (400) 
comprising: 

a first transistor (445) having a gate, a source and a drain, where 
30 said gate is coupled to a select line (420), where said source is coupled to a 
data line f4l OV p ** 



a first capacitor (450) having a first terminal and a second terminal 
where said drain of said first transistor is coupled to said first terminal of' 
said first capacitor; 
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a second transistor (460) having a gate, a source and a drain, where 
said source of said second transistor is coupled to a VSWP line (440), 
where said gate of said second transistor is coupled to said second 
terminal of said first capacitor; 
5 a second capacitor (455) having a first terminal and a second 

terminal, where said gate of said second transistor is coupled to said first 
terminal of said second capacitor, where said source of said second 
transistor is coupled to said second terminal of said second capacitor; 

a third transistor (465) having a gate, a source and a drain, where 
10 said gate of said third transistor is coupled to an auto-zero line (430), 
where said source of said third transistor is coupled to said gate of said 
second transistor, where said drain of said third transistor is coupled to 
said drain of said second transistor; and 

a light element (470) having two terminals, where said drain of said 
15 second transistor is coupled to one of said terminal of said light element. 

8. A method of iUuminating a display having a plurality of pixels, 
where each pixel contains a circuit for controlling application of energy to 
a light element, where said circuit comprises a drive transistor, said 
20 method comprising the steps of: 

(a) determining an auto zero voltage for the drive transistor by 
applying a reference voltage on a data line; 

(b) loading data onto the pixel by switching said reference voltage to 
a data voltage on said data line, 

25 (c) storing said data on a capacitor that is coupled to the drive 

transistor; and 

(d) illuminating said light element in accordance with said stored 

data. 



9. A circuit (300) for driving a light element having two terminals, 
said circuit comprising: 

a first transistor (360) having a gate, a source and a drain, where 
said gate is for coupling to a select line (320), where said source is for 
coupling to a data line (310); 
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a first capacitor (350) having a first tenninal and a second terminal, 
where aaid drain of said first transistor is coupled to said first terminal of 

aaid first capacitor; 

a second transistor (365) having a gate, a source and a drain, where 
5 said source of said second transistor is for coupling to a V DD line (390), 
where said gate of said second transistor is coupled to said second 
terminal of said first capacitor; 

a second capacitor (355) having a first terminal and a second 
terminal, where said gate of said second transistor is coupled to said first 
30 terminal of said second capacitor, where said source of said second 
transistor is coupled to said second terminal of said second capacitor, 

a third transistor (370) having a gate, a source and a dram, where 
said gate of said third transistor is for coupling to an auto-zero line (330), 
where said source of said third transistor is coupled to said gate of said 
15 second transistor, where said drain of said third transistor is coupled to 
said drain of said second transistor; and 

a fourth transistor (375) having a gate, a source and a drain, where 
said gate of said fourth transistor is for coupling to an iUuminate line 
(340), where said source of said fourth transistor is coupled to said dram of 
20 said third transistor, where said drain of said fourth transistor is for 
coupling to the light element. 

10. A system (500) comprising: 

a display controller (510); and 

a display (520), coupled to said display controller, where said display 
comprises a plurality of pixels, where each pixel (300) comprises: 

a first transistor (360) having a gate, a source and a drain, 
where said gate is coupled to a select line (320), where said source is 
coupled to a data line (310); 
30 a first capacitor (350) having a first terminal and a second 

terminal, where said drain of said first transistor is coupled to said 
first terminal of said firat capacitor; 

a second transistor (365) having a gate, a sourc and a drain, 
where said source of said second transistor is coupled to a V DD line 



25 
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(390) where said gate of said second transistor is connled to „ 
second tanninal of said first capacitor * ** * 

« »aid first :JZZZZ "Zl t *~— - « - 

said second ^rTl^Z ^ ^ 7™ " 
second capacitor; ter ™ nal of 3aJ <i 

(330) , where said source of sa^Zd [ " " 

r - - second .ransislrirsrrrof ^ ~ 

«—-- i. • coupied eo said dra* of said second 

20 

con.prfs^ 7 ^ C ° mPri ^ * aach pixei (700, 

25 data line (760)- ' Where Said source ia C0 *Pled to a 
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